Abstract
Introduction
Sustainable development is regarded as a prominent concept in modern society, posing the challenge of balancing economic, social and environmental goals. A number of conflict issues exist (see e.g. Conroy and Berke, 2004) , however, including soil consumption. From the sustainability viewpoint, it is highly desirable to reduce soil consumption as much as possible. Thus, it is not surprising that the redevelopment of brownfields is fully in accord with the sustainable development concept (Hemphill, Berry, McGreal, 2004) . Nevertheless, there are several barriers to brownfield redevelopment, including the fundamental characteristics of brownfields. Spatially, the issue of brownfields is discussed in various contexts. First, brownfields are firmly embedded in research focused on the decline and regeneration of old industrial regions in Europe and North America (e.g. Florida, 1995) . Second, brownfields in metropolitan areas are subject to research, considering specifics of morphogenetic zones on the one hand, and development problems of compact and dispersed cities on the other (e.g. Sýkorová, 2007; . Third, the developmental potential of brownfields in rural and peripheral regions has been evaluated (see e.g. Svobodová, Věžník, 2009; Vaishar, Jakešová, Náplavová, 2011; Klusáček, Krejčí, Kunc, Martinát, Nováková, 2011) . Altogether, the spatial dimension is an important element in brownfield research.
These issues create the cornerstones of this article. Our focus is on the spatial analysis of the fundamental characteristics of brownfields, a common theme in the scholarly literature (see e.g. Kunc and Tonev, 2008) . However, the characteristics of brownfields are traditionally evaluated in isolation, not considering the relations between brownfields on the one hand and redeveloped sites on the other. Thus, the goal of this research is to analyze the differences between brownfields and redeveloped sites, emphasising their spatial location in morphogenetic zones of the Ostrava metropolitan area. The article is structured as follows: the next section provides theoretical underpinnings of our research; the third section sketches out our methodology; the fourth section presents the main empirical findings and these are further discussed in the fifth section, followed by our conclusions.
Literature review
Brownfield redevelopment has been a subject of research from several viewpoints. The first area of interest, relevant for our article, concerns barriers of brownfield redevelopment, which include the characteristics of brownfields. There are several attributes analyzed in the scholarly literature.
The potential for brownfield redevelopment is in many cases reduced by the location of brownfields in inner cities (Doetsch, Rüpke, 1998) . Such a location tends to be connected with a limited space for firm expansion and with complicated transport accessibility (e.g. KollSchretzenmayr, 2000 for case studies on this issue). This situation reduces the redevelopment potential of brownfields because transport infrastructure is an important location factor in the decision-making process of developers (see e.g. Holl, 2004) . Moreover, it is noteworthy that city centres and suburban areas are regarded as morphogenetic zones with the most evident changes in the functional-spatial structure of post-socialist cities (Sýkora, 2003) . Thus, the potential of brownfield redevelopment in inner cities is further affected.
Potential brownfield redevelopment may be further lowered by an intricate ownership structure. In this regard, Adams, Disberry, Hutchison, Munjoma (2001) underline the owners' undue notion of brownfield value on the one hand and at their unwillingness to sell or rent brownfield sites for various reasons on the other. Similarly, Koll-Schretzenmayr (2000) identified intricate ownership structure as one of the main barriers to brownfield redevelopment. The brownfield legacy is reflected not only in an intricate ownership structure but also in the uncertainty of environmental burden. Consequently, financial and time costs of brownfield redevelopment projects increase (Nijkamp, van den Burch, Vindingi, 2002) .
There are two areas of research where characteristics of brownfields play an important role. The first area is focused on the spatial analysis of brownfields; for example, Kunc, Tonev (2008) chose the city of Brno for their analysis. The spatial dimension of their analysis was based on morphogenetic zones of the city and they showed the importance of the inner city for the location of brownfields. Sýkorová (2007) who focused her analysis on the City of Prague, employed the same analysis, identifying the inner city and suburban zones as the most problematic ones when considering the location of brownfields. In other studies, Vojvodíková, Potužník, Bürgermeisterová (2011) dealt with brownfields at a municipal level, while Svobodová, Věžník (2008) carried out research at a regional level. These research projects have two aspects in common: first, various attributes of brownfields were quantified (including former functional uses, environmental burden, transport accessibility, or ownership structure); subsequently, the authors suggested a form of brownfield classification.
The second area of research concerns the evaluation of brownfield redevelopment potential. Traditionally, simple multi-criteria methods are applied and attributes of brownfields play the role of criteria. Their different importance is estimated by weights and some form of aggregation of the criteria provides the value of brownfield redevelopment potential. Such a model was suggested for example by Doetsch, Rüpke (1998) , and in a slightly adapted version replicated by Rydvalová and Žižka (2006) . Similarly, Vojvodíková (2004) developed an evaluation model based on multi-criteria methods.
The above-mentioned areas are very important for brownfield redevelopment research but spatial analyses of brownfields are traditionally realized in isolation, not considering their broader relations to redeveloped sites. In this respect, the brownfield-greenfield debate is more common (see e.g. De Sousa, 2006) .
Methodology
To meet the goal of this article, a complex methodological approach was applied: for further details, see Novosák (2009) . In this section, we sketch out the most important aspects of the methodology.
Determination of brownfields and redeveloped sites
The first aspect of the methodology is related to the question of how to define the key terms of brownfield (see Alker, Joy, Roberts, Smith, 2000 for a detailed review of definitions) and of a redeveloped site. Various attributes of brownfields play a role when defining the term, but the requirement of unused or underused site is the most controversial because of its subjective nature (see e.g. Yount, 2003) .
In this article, brownfields and redeveloped sites are defined using four characteristics. Two of them are common for both types of sites -the requirement of area size larger than one hectare on the one hand, and of a limited set of functional uses on the other. This set includes agricultural, mining, industrial, transportation, military and other non-residential functional uses except dumps and selected public service facilities. It is noteworthy that our methodology is focused on rather large non-residential brownfieldsa quite common approach in brownfield assessment (see e.g. Tonev, 2008 or Sýkorová, 2007) .
The third characteristic employed for the identification of brownfields is the degree of their functional use in the period [2008] [2009] . In this regard, we first compiled a database of sites larger than one hectare, which were used for any of the above-mentioned functional uses in the early 1990s. For this purpose, we used cartographic and other archival sources of information. Subsequently, we identified brownfields based on their ownership structure and physical deterioration. There was a requirement that a total ownership share of entities active on the site was below 50% of its area. Ownership structure data was compiled from cadastre.
The fourth characteristic employed for the identification of redeveloped sites is the change in economic activities between the early 1990s and the period [2008] [2009] . In this regard, we first compiled a database of sites larger than one hectare, which were used for any of the above-mentioned functional uses in [2008] [2009] . Subsequently, we identified entities active on the site in the early 1990s using cartographic and other archival sources of information. Subsequently, the position of these entities in 2008-2009 was evaluated. A site was understood as redeveloped if the entities active thereon in the early 1990s were not dominant employers on the site in 2008-2009. Finally, two methodological notes have to be added. First, the sample of brownfields and redeveloped sites was compiled using the authors' own methodology that included analyses of cartographic and archival sources and field mapping. In this regard, our sample was different from the official databases such as the brownfield database of Ostrava City (e.g. Vojvodíková et al., 2011) . Second, in the definition of redeveloped sites we emphasized the change of dominant employers. There could have been various periods when the redeveloped sites were not used, so that redeveloped sites in our definition are not necessarily redeveloped brownfields in the traditional way of thinking -longterm abandoned sites.
Model area delimitation
The second aspect of the methodology concerns the question how to define the Ostrava metropolitan area, the model area of our analysis. This task was resolved on the basis of close functional links between the Ostrava City and surrounding municipalities. Thus, requirements on daily employment commuting to Ostrava City, on administrative links with Ostrava City, and on urban mass public transport connection with Ostrava City were imposed (see Novosák, 2009 for details). On this basis, the administrative area of Ostrava City (including five specific zones: compact inner city, dispersed inner city, zone of housing estates, zone of transition, and suburban zone) and thirty one municipalities in its hinterland (constituting the zone of surrounding municipalities) formed our model area (see Fig. 1 ).
Additional data sources
The third aspect of the methodology is the selection of attributes for the further analysis of differences between brownfields and redeveloped sites. In this regard, we respected the most important attributes identified in our literature review: Tab. 1 summarizes these attributes and their possible values. Note that the analysis is based on categorical values of the attributes.
The data matrix represents the fourth aspect of the methodology. Thus, brownfields and redeveloped sites in the model area were identified as rows of the data matrix. Subsequently, values of the analyzed attributes were added for all identified brownfields and redeveloped sites, represented as columns.
Methods of statistical analysis
Finally, the fifth aspect of the methodology is related to the evaluation of the data matrix. Two methodological approaches are used: (1) traditional methods of descriptive and inferential statistics -since the evaluated attributes are categorical in nature, we use the analysis of frequencies (Pearson's Chi-square and Cramer's V statistics) in our decisions on differences between brownfields and redeveloped sites, differences are related both to the number and total area of brownfields and redeveloped sites; and (2) broader relations between the evaluated attributes on the one hand and brownfields and redeveloped sites on the other, were analyzed by the rough-set method. This method provides a robust theoretical framework for the interpretation of information of quantitative and qualitative nature (see e.g. Pawlak, Slowinski, 1994; Bruinsma, Nijkamp, Vreeker, 2002) . In this article, the method was used to generate the so-called "if-then" decision rules. The "if" part contains conditions -a combination of the values of attributes. The "then" part is a decision conditioned by the combination. Thus, we dealt with the question what combinations of the values of attributes classify sites as brownfields.
Fig. 1: Brownfields in morphogenetic zones of the Ostrava metropolitan area
Source: Authors' elaboration (based on Novosák, 2009) 
Tab. 1: Evaluated attributes of brownfields and redeveloped sites
Source: adapted from Novosák (2009) 
Attribute Values
Location in morphogenetic zones of the model area (see Fig. 1 Tab. 4 differentiates brownfields and redeveloped sites according to their ownership structure. It is shown that a very complicated ownership structure is more typical for relatively large brownfields in the model area. Thus, the good quality of their transport accessibility is compensated by a fragmented ownership structure. However, there are not statistically significant differences between the numbers of brownfields and redeveloped sites if the ownership structure attribute is analyzed. 
Tab. 2: Brownfields and redeveloped sites in the model area -location in morphogenetic zones

Discussion -brownfields and redeveloped sites in broader relations
The preceding discussion revealed the main differences between brownfields and redeveloped sites in the model area according to the five selected attributes. Our findings may be summarized as follows:
• The highest number of brownfields occurs in the morphogenetic zone of the surrounding municipalities. Moreover, a relatively high number of brownfields were used for agricultural production. Tab. 7 shows that agricultural brownfields are overrepresented in the morphogenetic zone of the surrounding municipalities. Thus, a relationship between these two variables may be expected in this respect.
• Large brownfields are located especially in the compact inner city zones. Moreover, large brownfields are characterized by good transport Based on this argument, it seems evident that there are two fundamental types of brownfields in the model area.
Their location in morphogenetic zones may be regarded as an important differentiating factor is this sense. To verify these assumptions we decided to employ two methodological approaches. First, we statistically tested the significance of differences between the brownfields and the redeveloped sites in only two morphogenetic zones -the city and its hinterland. Second, we constructed the most common combinations of the values of attributes using the rough-set method.
Tab. 8 summarizes the results of the first methodological approach, and the findings confirm the relevance of the above-mentioned assumptions. Thus, former functional use is statistically significant for both morphogenetic zones. Mining as a former functional use is typical for brownfields in the city zone, while agriculture is typical for brownfields in the hinterland zone. In addition, the threat of environmental burden represents a more important barrier for brownfield redevelopment in the city zone. Transport accessibility and ownership structure are not statistically significant attributes, but note that the former seems to play a more important role in differentiating brownfields and redeveloped sites in the city zone, while the latter plays the same role in the hinterland zone.
In the second methodological approach -the rough-set method -six attributes of brownfields and redeveloped sites were defined as independent variables. These included the five attributes analyzed above and the total area of sites as a sixth independent variable. The dependent variable provided the choice between the brownfield category on the one hand and the redeveloped site category on the other. Applying the rough-set method, the "if -then" decision rules were generated. Subsequently, we observed what combinations of independent variable values classified sites as brownfields.
Tab. 9 shows the results. The highest number of brownfields is classified if they meet the conditions of extremely high threats of environmental burden, complicated ownership structure, and mining as their former functional use (see DR1). Just mining as a former functional use seems to be the most frequent differentiating factor between brownfields and redeveloped sites in the model area (see DR1, DR4, D6, DR7, and DR9). The development potential of mining brownfields may be further worsened by extremely high threats of environmental burden (see DR1, DR9), by large area (see DR4), or poor transport accessibility (see DR7, DR9) of brownfields. Extremely high threats of environmental burden and relatively large area seem to be an important brownfield redevelopment barrier more generally (see DR8, DR10). Evaluation of the transport accessibility attribute is not so straightforward (see DR6). Altogether, these findings are fully in accord with the characteristics of brownfields located in the city zone as defined in Tab. 8.
There are three other decision rules in Tab. 9 -DR2, DR3, and DR5. Two of them, DR2 and DR3, describe a similar situation. Sites located in the zone of surrounding municipalities with a very complicated ownership structure are usually classified as brownfields (see DR2). The condition of low threat of environmental burden in DR2 closely relates to the former agricultural functional use of brownfields (see DR3). In addition, close links between relatively larger agricultural brownfields (see DR3) and complicated ownership structure (see D2) may be expected. It is worth mentioning the statistically significant difference between brownfields and redeveloped site in the hinterland zone, if one considers their former functional use (see Tab. 8). Agricultural brownfields are the most common type in this regard: the findings are fully in line with the characteristics of brownfields located in the hinterland zone as defined in Tab. 8.
Attributes City Hinterland
Pearson Novosák, 2009) Altogether, our assumptions about the existence of two types of brownfields in the Ostrava metropolitan area were confirmed by both methods. There are relevant implications from these findings, which may be used especially in the strategic planning of brownfield redevelopment. Generally, specifics of particular brownfield sites should be considered in this regard.
First, there is a very limited redevelopment potential of large mining brownfields in the inner city. A complicated ownership structure and a high threat of environmental burden may further worsen the situation (see DR1). Even very good transport accessibility is not a trigger for redevelopment processes (see DR6). The "if -then" decision rules show no success story of redevelopment of these sites for any functional use of interest in the model area. However, some additional aspects must be added. The abandoned sites of this kind represent cheap properties for small and medium-size enterprises.
The former Jan Šverma mine may be regarded as an example. Then, a question is whether it is desirable to think always of large-scale brownfield redevelopment projects. Moreover, some mining sites in the model area have been redeveloped for functional uses, which are not assessed in this paper (e.g. conversion for cultural purposes). Then again, our findings show that flexible territorial planning and support for non-manufacturing redevelopment projects should be considered.
Second, there is a very limited redevelopment potential of agricultural brownfields in relatively small municipalities in the hinterland of the Ostrava metropolitan area. Two aspects seem to be relevant in this respect when analyzing the decision rules in Tab. 9. The first aspect relates to bad transport accessibility (see DR5). However, a complicated ownership structure seems to be much more relevant (see DR2, DR5) because of several redeveloped sites in the hinterland of the Ostrava metropolitan area, which were previously used for manufacturing or services. In our arguments, agricultural brownfields are a legacy of the restitution processes and a consolidation of their ownership structure is necessary to plan for the redevelopment of these sites.
Conclusion
Brownfield redevelopment is an important research area because of its close links to the sustainable development concept. Several research themes are considered in this regard, but empirical knowledge of the differences between brownfields and redeveloped sites is rather scarce. This article contributes to the current state of knowledge by analyzing the differences between brownfields and redeveloped sites in the model area of the Ostrava metropolitan area. Spatial aspects are emphasised at the level of morphogenetic zones.
The compact inner city zone of the model area shows the highest ratio between the area of brownfields and redeveloped sites. Thus, the problem of brownfields may be perceived as very relevant in this morphogenetic zone. In addition, the highest number of brownfields is identified in the zone of surrounding municipalities. Thus, our analysis confirms the conclusions formulated by Sýkorová (2007) that the inner city of Prague and its suburban areas are most affected by the location of brownfields.
Some attributes are identified as statistically significant in explaining differences between brownfields and redeveloped sites. These include the threat of environmental burden and former functional use. However, the spatial aspect must be considered as well because there are two fundamental types of brownfields in the model area. The first type includes agricultural brownfields in the hinterland zone of the model area, characterized by a complicated ownership structure. The second type of brownfields is located especially in the inner city zone and is characterized by potential problems with environmental burden. Several abandoned coal mines belong to the second type of brownfields.
Altogether, our findings confirm some more general considerations on the dynamics of changes in the internal spatial structure of metropolitan regions and on the low development potential of brownfields in a peripheral hinterland. On the other hand, there are some specifics related to the Ostrava metropolitan area, especially the legacy of abandoned coal mines. The findings from our research are rather pessimistic considering their future. Moreover, there are over 600 hectares of manufacturing sites in the compact inner city morphogenetic zone, still used by the same economic entity as in the early 1990s. This area may be understood as a dormant brownfield threat for the Ostrava metropolitan region.
Our findings show that it is necessary to consider spatial location and other characteristics of brownfields in their redevelopment process. There is not a "one-case-fits-all" solution. In this respect, the methodological approach applied in this article may provide worthwhile information on brownfield development potential.
